Spanish hospitals and who had evaluable SVR 12 weeks (SVR12) after the end of therapy were included. Patients had to be DAA naïve, with the exception of sofosbuvir with/without IFN. In one hospital, participants received therapy guided by the presence of NS5A-RASs (RGT population). Patients enrolled in the remaining hospitals, without baseline RASs testing, constituted the control population. A total of 120 and 512 patients were included in the RGT and control populations, respectively. Nine (7.5%) individuals in the RGT population showed baseline NS5A-RASs. All of them achieved SVR12. The SVR12 rate in the RGT population was 97.2% (three relapses) whereas it was 98.8% (six relapses) in the control population (p = 0.382). Our findings suggest that testing for baseline NS5A-RASs in naïve HCV-infected patients does not enhance the rate of SVR to DAA-based IFN-free therapy in clinical practice.
Treatment of hepatitis C virus (HCV) infection using direct-acting antiviral (DAA) combinations achieves high cure rates. However, a proportion of patients ranging from 1% to 15% 1-3 fail to achieve sustained virological response. Factors related to DAA treatment failure are HCV genotype, DAA regimen, liver disease severity and previous treatment experience. Accordingly, these factors are considered to select treatment schemes [4] [5] [6] .
According to data generated in phase 2 and 3 clinical trials, resistance of HCV to DAAs due to the presence of resistance-associated substitutions (RASs) in the viral genome, mainly those within the NS5A gene, also can influence treatment response 7, 8 . For this reason, the AASLD-IDSA guidelines recommend testing for baseline NS5A RASs in specific DAA-naïve HCV-infected populations who are going to be treated with DAA-combinations containing a NS5A inhibitor 4 . In contrast, EASL guidelines do not recommend systematic baseline RASs testing in DAA-naïve patients; however, as AASLD-IDSA guidelines, if baseline RASs in NS5A are known, EASL also provides guided decision 5 .
In-house methods based in population sequencing techniques are commonly used for RASs testing. This circumstance could affect the reliability of results. In addition, these techniques are time consuming and they SCIENTIfIC RePoRTS | (2018) 8:14905 | DOI:10.1038/s41598-018-33367-1 are not available in every hospital worldwide. All these facts are barriers that could delay the beginning of resistance-guided treatments in daily clinical practice.
There is limited information on the potential impact of baseline RASs testing on the outcome of HCV treatment in DAA-naïve patients in real life. Cento et al. 9 reported 100% sustained virological response (SVR) rate in DAA-naïve patients undergoing treatment guided by baseline RASs in clinical practice. Nonetheless, they did not compare with a control population without RAS-guided treatment. To our knowledge, no study has specifically been designed to analyse if routine RASs testing may enhance the SVR rate achieved in naïve patients treated with IFN-free regimens in a real-life setting. In our study, we aimed to assess whether baseline RASs guided treatment increases the rate of SVR in naïve HCV-infected patients in daily clinical practice.
Results
Characteristics of the study population. A total of 129 HCV-infected patients fulfilled the criteria to be included as the RGT population. Among them, 5 (3.8%) voluntarily dropped out, 3 (2.3%) were lost to follow-up and 1 (0.8%) discontinued treatment due to adverse events. Therefore, 120 (93.0%) individuals constituted the final RGT population.
Regarding the control group, among a total of 525 HCV-infected patients who met the inclusion criteria, 11 (2.1%) voluntarily dropped out and treatment was discontinued in 2 (0.4%) patients due to adverse events. Accordingly, 512 (97.5%) individuals comprised the final control group.
The main characteristics of RGT and control populations are depicted in Table 1 .
Baseline RASs and resistance-guided treatment. Nine (7.5%) patients showed RASs in NS5A, including 2 (4.0%) of 50 harbouring GT1a, 4 (13.3%) of 30 infected with GT1b and 3 (17.6%) of 17 bearing GT3. No RASs were detected in GT4-infected patients and no patient showed more than one RASs (Table 2) . Table 2 shows the DAA combinations used in each of these patients. Among the 9 patients with RASs, 8 (90.0%) received a resistance adapted DAA regimen. The remaining patient was GT1a-infected ( in NS5A, who was treated with sofosbuvir plus ledipasvir without ribavirin during 12 weeks due to drug-drug interactions issues. Specifically, this patient was being treated for HIV-infection with rilpivirine and it was not possible to change this treatment. Rilpivirin shows interactions with paritaprevir-ritonavir/ombitasvir, and therefore, these drugs could not be used. In addition, he was also intolerant to ribavirin and, consequently, it could not be administrated. Table 3 and Fig. 1 shows the DAA-combinations used in both the RGT and the control populations. Globally, 30 (25.0%) patients in the RGT population and 99 (19.3%) in the control population received ribavirin (p = 0.166). Treatment duration was longer than 12 weeks for 3 (2.5%) and 20 (3.9%) patients in the RGT and control populations, respectively (p = 0.595). Regarding those GT1-infected individuals, 29 (36.3%) in the RGT population and 56 (11.4%) in the control population (p < 0.001) were treated during 8 weeks. These 8 weeks regimens were carried out among non-cirrhotic patients and were mainly based in sofosbuvir/ledipasvir (89.6%) or paritaprevir-ritonavir/ombitasvir plus dasabuvir (6.0%) combinations.
Impact of baseline RASs on SVR.
Three out of 120 individuals relapsed in the RGT population ( Fig. 1 ).
None of them had baseline RASs and none of them was cirrhotic. They were infected with GT1a, GT1b, and GT4 (Supplementary Table S1 ). The remaining 117 (97.2%) subjects included in this population reached SVR12.
In the control group, six relapses were observed (one patient infected by GT1a, one with GT1 -unspecified subtype-, one bearing GT3 and three with GT4) ( Fig. 1 ). Five of them were cirrhotic ( Supplementary Table S1 ). The remaining 506 (98.8%) patients reached SVR12, rate that was not statistically different to that found in the RGT population (98.8% versus 97.5%, p = 0.382).
Supplementary Table S2 depicts details about the SVR12 rates according to the specific regimens used and cirrhosis status in patients infected by GT1a, GT1b, GT3 and GT4 in both RGT and control groups. In addition, Supplementary Table S3 shows the global SVR12 rates and the main characteristics of patients according to those HCV genotypes. Emergent RASs after DAA-treatment in RGT population. Two (66.6%) of three patients who failed to the HCV treatment in the RGT population showed RASs in NS5A after treatment. Specifically, a GT4-infected patient that had been treated with sofosbuvir/ledipasvir during 12 weeks and a GT1b-infected individual who was treated with ombitasvir/paritaprevir/dasabuvir for 12 weeks showed the substitutions Y93L and M28T, respectively.
Discussion
Our results suggest that routine testing of baseline RASs in naïve HCV-infected patients does not enhance the rate of SVR to all oral DAA-based therapy in daily clinical practice. These findings support EASL recommendations 5 .
In fact, the rate of SVR achieved by non-guided treatment is so high, that no benefit is added by RAS testing. Data derived from phase 2 and 3 clinical trials showed that some RASs in NS5A impact the SVR rate of patients under particular combinations, mainly in those infected with GT1a or GT3, especially if they have cirrhosis and/or were previously treated with interferon based regimens 3,10-14 . According to AASLD guidelines 4 , this justifies baseline RAS testing in HCV patients who are going to be treated with specific combinations. However, taking into account that the proportion of individuals showing baseline NS5A RASs is estimated to be 15% 13 , and that the reduction in SVR rates they cause is usually lesser than 10%, the determination of baseline RASs would avoid viral failure in less than 1% of naïve patients. In our population, the frequency of baseline NS5A RASs was 7.5%, which partly explains that determination of RASs did not lead to an increase in SVR rates. The low frequency of baseline NS5A RASs in Spanish patients, specifically those infected with GT1a, also has been observed by others 15, 16 . Accordingly, Palladino et al. 15 also suggested that in our country NS5A RASs testing is not necessary for HCV GT1a infected patients who are going to be treated with elbasvir 15 , a setting where the impact on SVR seems to be stronger 17 . In contrast, emerging RASs after the DAA treatment are detected in most non-SVR patients 18 . In our study population, two of the three relapses showed RASs in NS5A at failure. This fact supports RAS testing in DAA-experienced patients before re-treating as it has been proposed 18 .
Recently, a real-life study reported how 130 DAA naïve HCV-infected patients who received baseline RASs guided therapy achieved 100% of SVR12 9 . The authors concluded that this strategy could help to minimize or eliminate relapses. However, in this study, no control group of patients in whom baseline RASs were not investigated was included. Therefore, and in contrast to our work, it was not possible to test whether or not the treatment guided by baseline RASs really impacts the SVR rate. In addition, and taking into account that in our RGT population relapses were only observed in patients without baseline RASs, we point out that the baseline RASs testing does not completely prevent relapses. Supporting this, in a retrospective Spanish study carried out in real-life among patients who did not received a RASs-guided treatment 19 , only one of the RASs detected at baseline also appeared at relapse, whereas the rest of them were replaced with others at failure. Interestingly, more than half of the failures observed in naïve patients occurred in absence of baseline RASs 19 . These facts suggest a negligible effect of these variants in the outcome of the treatment of naïve patients at clinical practice. Therefore, the genetic barrier of the DAA combinations would be high enough to overcome the resistance caused by these RASs. This is probably another reason why we did not find differences in the SVR rate obtained in the group of patients with treatment guided by RASs and in the group of patients in whom RASs were not conducted.
In this study, we did not include the analysis of RASs in the NS3 gene. The clinical relevance of these RASs in naïve patients is lower than that found for NS5A. Moreover, almost all of them also show a lower frequency at baseline 8, 20 . The exception is the Q80K which frequency in Europe is about 19% 20 . This variation has been associated with high resistance to simeprevir in GT1a infected patients receiving simeprevir along with pegylated IFN and RBV 21 . However, current evidence does not support a substantial effect of this variant on responses to treatment with simeprevir plus sofosbuvir in naïve patients without cirrhosis 14 , although it could reduce the rate of SVR in cirrhotics 22 . Nevertheless, this DAA combination was uncommonly used in our population.
This study has several limitations. First, the comparative analysis of SVR rates was carried out on groups of patients that were not randomized. Therefore, the existence of bias cannot be discarded. However, although some differences were found in the proportion of male gender and HIV-coinfection between the RGT and the control populations, none of them has a major impact on the likelihood of SVR to IFN-free DAA combinations. Similarly, there were significant differences in the proportion of non-cirrhotic GT1-infected patients treated during 8 weeks in the RGT and control populations. Nonetheless, non-inferiority of sofosbuvir/ledipasvir or paritaprevir-ritonavir/ombitasvir plus dasabuvir for 8 weeks compared to 12 weeks regimens has been reported [23] [24] [25] . Therefore, and due to the high rates of SVR observed in both populations, it is unlikely that a randomized study would find significant differences in SVR rates between those groups of patients. Secondly, in our study there were a low number of patients treated with specific combinations for which the presence of RASs leads to a reduction of SVR rates higher than 20% in phase 2 and 3 studies. This is the case of those GT1a infected individuals treated with elbasvir/grazoprevir, where the presence of specific baseline RASs to elbasvir reduced the SVR rate to 58% 17 . Therefore, we cannot discard the utility of the determination of RASs in specific groups of naïve individuals, such as subjects with GT1a who are going to receive elbasvir/grazoprevir and probably also cirrhotic patients with GT3 receiving sofosbuvir/velpatasvir 3 . In spite of this, our study does not support a benefit of the routine determination of RASs in all naïve patients, at least in our geographical area. In addition, the new pangenotypic and high genetic barrier DAA combinations such as glecaprevir/pibrentasvir 26 and sofosbuvir/ velpatasvir/voxilaprevir 27 , which have proved to be extremely efficacious even in subjects with NS5A RASs, will probably make RASs detection unnecessary at any scenario.
In summary, we compared the SVR rate achieved in a group of patients with treatment-guided by baseline RAS testing with that found in a control group of patients in whom baseline RASs were not determined. Although all individuals carrying baseline RASs reached SVR in the group of patients with guided treatment, the SVR rate in this group was not statistically different to that observed in the control group. Moreover, the few relapses observed in the group of patients with guided-treatment by RASs were not driven by the presence of RASs. These results suggest that baseline RASs determination in naïve patients does not prevent HCV treatment failure in the clinical practice.
Methods
Patients and study design. This is a prospective study conducted in two cohorts of DAA-treated patients attending Infectious Diseases Units of 17 hospitals across Spain: the HEPAVIR (clinicaltrials.gov ID: NCT02057003) cohort, which recruits HIV/HCV-coinfected patients and the GEHEP-MONO (clinicaltrials.gov ID: NCT02333292), which enrols HCV-monoinfected patients 28 . As inclusion criteria in this study, all individuals participating in these cohorts who initiated treatment with all-oral DAA-based regimens between March 2016 and May 2017, and who had never been treated before with DAAs, with the exception of sofosbuvir with or without ribavirin alone or plus interferon, were included.
RASs testing was available for patients from one of the participant hospitals. In these particular individuals, HCV treatment was selected taking into account the presence of baseline RASs in NS5A -resistance-guided treatment (RGT) population-. The individuals enrolled in the remaining hospitals, where baseline RASs determination was not conducted, were considered as control population.
Treatment regimens and follow up. DAA regimen was decided according to the DAA available in the study period, the potential for interactions with concomitant medications, the severity of liver disease and comorbidities, following Spanish guidelines 6 . The treating physician took the final decision on individual DAA regimens. In the RGT population, the specific anti-HCV DAA combination was also decided on the basis of the presence of baseline RASs, whenever other potential issues (e.g. drug-drug interactions) allowed it. Thus, patients with RASs in NS5A were treated with a DAA combination containing a protease inhibitor when possible, or, alternatively, adding ribavirin and/or extending treatment.
Plasma viral load was evaluated at baseline and, at least, at the end of therapy and at week 12 post-treatment. SVR12 was defined as undetectable plasma HCV RNA 12 weeks after the end of therapy.
RASs testing. Total RNA was isolated from plasma samples using the MagNA Pure Compact (Roche Diagnostics, Basel, Switzerland) and cDNA was synthesized by means of RevertAid H Minus First Strand cDNA Synthesis Kit (Thermo Fisher Scientific, Waltham, Massachusetts, EEUU). The NS5A gene was sequenced by standard Sanger techniques, using in house developed assays covering codons 1-99 29 . A sensitivity of approximately 15-20% can be assumed for this method 30 . RASs were considered clinically relevant according to that proposed elsewhere 7,31 . Statistical analysis. The primary outcome variable was SVR12 evaluated on an on-treatment (OT) approach, i.e, excluding patients with premature discontinuations or with missing SVR data. Comparisons were performed applying the Mann-Whitney-U test for continuous variables and the Chi-square or Fishers test, when necessary, for categorical variables.
Data were analysed using IBM SPSS 23.0 version (IBM Corporation, Somers, NY, USA).
Ethics. This study was designed and performed according to the Helsinki declaration and was approved by the "Comité de Etica de la Investigación Sevilla Sur del Hospital Universitario de Valme" (Seville, Spain) and by the "Comité de Etica de la Investigación de la Provincia de Granada, Hospital Universitario San Cecilio" (Granada, Spain). All patients gave their written informed consent before entering the cohorts.
